Observations (stage 1)
Many cold related problems are quite obvious and easy to recognize. People in the workplace have long experience of the local conditions and may come up with recommendations for solving specific problems. Engaging the workers in the process provides access to their knowledge and experience and allows for solutions that are based on the specific conditions in their workplace. Changes that are initiated by workers or with their engagement are more easily introduced and accepted.
Actions at the first stage are simple observations of the working conditions carried out in a systematic way. An observation checklist are helpful in this context and can be found in ISO 15743 14) . A simplified version is found in Table 2 . Typically representatives of the company are given a brief training about cold effects in humans and use of the checklist. An inspection is made of the workplaces and notes are taken in the checklist of problems that are observed. The observer should also consider the worst case, for example with changing weather conditions.
Each factor is observed and the risk is graded in three levels: No problem: conditions are acceptable and there is no need for preventive actions Slight problem: cold related problems are found that impairs conditions at the workplace. Effects, however, are judged as slight to moderate and corrective actions are not immediately required.
Severe problem: In order to ensure the safety and health of the workers and optimal productivity, this kind of problems should be immediately solved.
Specialist investigation (stage 2)
When problems are complex or costly to solve a specialist may be required for a more detailed and quantitative assessment. Some of the problems may require measurements for a more accurate evaluation. A series of international standards are available for this purpose. An overview of the standards is given in Fig. 1 1) calculates the required clothing insulation (IREQ) for preserving heat balance at defined levels of physiological strain. The method is a further development of the classical approach by Belding 16) and Burton and Edholm 17) . Four climatic factors need to be measured or estimated for the heat balance analysis. Air temperature and wind velocity are the two most important factors. Mean radiant temperature in many cases are similar to air temperature or higher due to solar radiation. Cold air (below 0˚C) is almost dry and humidity can arbitrarily be set to 85%. Activity level (or metabolic heat production) is measured by the oxygen consumption of the person 18) . However, such measurements are cumbersome and costly. In practice, metabolic rate is estimated on the basis of tables describing typical activities 1, 18) . A few examples of activities and corresponding metabolic rates are given in Table 3 .
The required clothing insulation for heat balance (IREQ) can now be calculated. A computer version of the IREQ-program is available. Figure 2 shows the program interface with boxes for input values and results.
Two values are given for IREQ representing two levels of physiological strain. The highest value should be regarded as a "comfort" value with little or no tissue cooling. The lower value corresponds to a drop in mean body temperature by 1˚C, which basically comes from skin cooling. IREQ is the insulation value actually required under prevailing wind and body movements. Evaluation of cold stress is made by comparing IREQ with the actual, available clothing insulation, corrected for the same wind and body movements. Figure 3 gives the IREQ value for "comfort" level for the activity classes in Table 3 . It is readily seen that insulation requirements increase quickly at low temperatures when activity is low. At very high activity the insulation requirement is surprisingly small.
The thermal insulation value of the actual, worn clothing ensemble is measured according to ISO 17831 19) . In practice, the thermal insulation is estimated using tables in ISO 11079 or using any of the methods proposed in ISO-9920 20) . Examples of insulation values for multi- layer winter clothing are given in Table 4 . The actual clothing insulation is a basic insulation value (I cl see Fig. 2 ), meausered with a static thermal manikin in wind still conditions. This must be corrected for wind and body movements before comparison with IREQ, This is done automatically in the computer program. If available insulation is close to the required insulation (IREQ), the exposure time may be infinite (as for values in Fig. 3 ). If IREQ is higher than the corrected, available insulation, protection is insufficient and a recommended exposure time D lim is calculated (Fig. 4) . For full protection a higher clothing insulation value is required. The value given in Fig. 4 is a basic insulation value (I cl Fig. 2 and Table 4 ), as this kind of value is more easily found in tables 20) . An example for light work is given in Fig. 4 . The criteria for cessation of exposure is a drop in mean skin temperature by about 3˚C starting from "comfort" level (about 34˚C). At very low ambient temperatures only short exposure times are recommended also with highly insulative clothing. Longer exposures (hours) are achieved at progressively lower temperatures when insulation of clothing is increased.
If insulation value is higher than IREQ, clothing is too warm and must be adjusted to balance heat losses.
ASSESSMENT OF COLD STRESS Table 4 ).
With increasing insulation of clothing the exposure times at low temperatures becomes longer.
Sweating must be avoided in cold work, as evaporative heat transfer is much limited by the high water vapor resistance values of cold protective clothing (Table 4) . Sweating is otherwise condensed in layers causing discomfort and impaired insulation. The outer layer fabric of cold protective clothing should be windproof (air permeability less than 10 l/m 2 s (Fig. 5) . The ensemble looses much of its insulative value in strong winds. An example is given in Fig. 5 . An ensemble with a basic insulation of 3.0 clo and an air permeability of 8 l/m 2 s, accordingly provides protection for shorter time at any given activity and temperature.
Local cooling
Protection of hands and feet are strongly dependent of heat input by peripheral blood circulation and insulation by hand and foot gear 21) . The insulation requirements at low activity and temperature is very large 22) and no glove can provide it. European standard EN 511 23) describes two types of insulation to be measured: insulation against convective cooling (whole glove) and insulation against contact cooling (palm of glove). Tested gloves are assigned to any of four classes depending on test results -the higher class the better protection. Figure 6 describes the insulation requirements calculated according to Goldman 24) .
ISO 11079 recommend frequent control of finger temperatures in the workplace and suggest that finger temperatures should be higher than 24˚C for preservation of good hand function. Occasionally, finger temperatures down to 15˚C may be acceptable, but dexterity, strength and coordination suffer and persons may complain about pain sensations.
One source of hand cooling is contact with cold surfaces. Touching or gripping cold materials may result in instantaneous, large drops in temperature of contacting tissue. ISO 13732 part 3 2) provides information about surface temperatures of different materials that can be touched. Three different criteria are given for the evaluation -pain sensation, numbness and frostbite. Numbness in the cold is associated with a deprivation of sensation. The function of fingers and hands is severely impaired and the risk of accidents and injury is imminent. Prediction of contact surface temperatures that cause numbness would be of great value. The temperature values apply to the naked skin (hand or finger) in contact with the surface at normal pressure. Gripping of a cold object can be done for longer times than a simple contact with for example a finger. This is due to the larger mass in contact but also by the behavioural adjustment of the grip pressure over time and surface. Figure 7 gives an example of surface temperatures of different materials that upon contact in short time may develop numbness of skin. Figure 8 provides surface temperatures of different materials that would cause pain when gripped by the whole hand.
Strong cold winds contain significant power to cool warm skin causing pain, numbness and injury in short time. The wind chill index is well known and has been used for many years to identify potentially hazardous combinations of wind an low temperatures. New research has provided a new index, Wind Chill Temperature, that is based on a similar approach ( Table 5 ative velocity is about 1.33 m/s). WCT is basically intended for weather forecasts and uses meteorological input data (e.g. wind speed at 10 m above ground). They are corrected by the calculation formula in order to refer to ground level. If wind speed is measured on the ground at a workplace the wind velocities in the two left columns of Table 5 must increased by 1.5 to give a correct WCTvalue. More information about WCT can be found at www.msc-smc.ec.gc.ca/education/windchill/index_e.cfm.
Inhalation of cold air may provoke respiratory distress symptoms, in particular in persons with asthma or other diseases. Also healthy persons may develop adverse effects on lung tissues when large volumes of very cold air is inhaled, for example during heavy work or athletic events at temperatures below -15 to -20˚C. It is recommended to protect the airways by reducing work rate or exposure or by pre warming air by a breathing mask or similar.
Expert Evaluation
In the European Union mandatory Directives require the employer to identify occupational health risks in the workplace and environment, evaluate them and initiate preventive measures to control and eliminate risks. Many of the specific problems of cold stress can be assessed by available international standards, as previously described. An expert may be called to set up a complete program management of cold related risk factors. This must also include problems not covered by standards, for example work under changing work conditions, snowy and icy conditions, and use of special protective equipment.
A program needs to be set up for medical examination and control of workers employed in cold work. ISO 12894 26) and ISO 15743 14) deal with medical aspects of cold exposure. Exposure to cold may provoke or aggravate symptoms of persons with certain medical diagnosis such as hypertension, angina pectoris, Raynaud, and asthma. A medical check should be given persons employed ASSESSMENT OF COLD STRESS Modified from 25) . 
Conclusions
A step wise strategy for evaluation of cold related problems in the workplace can be applied. Simple observation techniques are used to identify and solve obvious and easy problems. A specialist is called when problems need to be quantified as a basis for selection of appropriate and cost effective preventive measures. A set of international standards are readily available for this purpose. Only for very complex problems and for the construction of a company risk management program the technical and medical experts need to be called.
